Objective: The aim of this study is to compare the effects of 3 different kinds of anaesthesia on stress response induced by surgery.
Introduction
A utonomous, endocrine, metabolic and immunological responses given to the harmful stimuli for providing and maintaining homeostasis in the body are generally called stress. These responses develop in the presence of major traumas, surgery, sepsis, fasting, infection, burns and pain. Response to stress is seen as mobilization of energy sources for survival, hypermetabolism, activation of cardiovascular system and increased blood supply in the vital organs. However, these responses can be harmful by increasing the consumption of energy and the task of the myocardium during surgical intervention. Therefore, their being under control can reduce the rates of postoperative morbidity and mortality (1) .
Surgical stress response is influenced by many factors. These factors include the size of surgery, type of surgical procedure, duration of operation, age of patient, amount of intraoperative bleeding, level of postoperative pain, and anaesthesia technique that is selected (2, 3) . Excessive amount of intraoperative stress also affects the duration of hospitalization, time of discharge from the hospital, and hospital expenses in a negative manner (1).
There have been various studies conducted on the suppression of surgical stress-induced endocrine and metabolic responses through different anaesthesia techniques. In clinical studies, it has been observed that various anaesthesia techniques initiate neurohumoral, autonomic, and immunological changes through some pathophysiological ways and affect the stress response (4) . Decreased peroperative stress plays an important role in reducing hospital expenses because of a more rapid recovery and reduced hospitalization time (5) . Remifentanil is a short-acting μ-agonist opioid with a rapid onset of action. It can be used for intraoperative analgesia and sedation (6) . In our study, the patients who would undergo elective inguinal hernia surgery were provided a balanced anaesthesia with sevoflurane/air/remifentanil, total intravenous anaesthesia with propofol/air/remifentanil and remifentanil sedation, and they were administered spinal anaesthesia with hyperbaric bupivacaine. By using remifentanil as the common opioid in three different anaesthesia techniques, it was aimed to compare its effects on haemodynamic, neuroendocrine and metabolic responses and on leptin levels.
Methods
For the study, the approval was received from the ethics committee of the Ankara Atatürk Training and Research Hospital under the Ministry of Health. The study included 60 patients between the ages of 25 and 70 years, who were involved in the American Society of Anesthesiologists (ASA) I-II group and would undergo elective inguinal hernia surgery. Written informed consents were obtained from the patients. Patients with cardiac, kidney, liver, psychiatric, allergic, metabolic and endocrine diseases; those with the suspect of malignancy and those receiving hormone and steroid treatment were excluded from the study.
The patients who were forbidden to receive an oral intake after 24.00 o'clock before the surgery were given 0.9% NaCl as a maintenance fluid to reach the value of 3 mL kg h −1 until the operation. The study included patients who would undergo inguinal hernia surgery between 08:00 and11:00 p.m. The operations that were shorter than 1 h and longer than 2.5 h were excluded. After the patients were taken to the operation room, they were monitored with an electrocardiogram, non-invasive blood pressure, pulse oximeter, and bispectral index (BIS), and their baseline values were recorded. The patients were randomly divided into three groups of 20, patients in the sevoflurane group (Group 1) underwent induction with 1 μg kg −1 remifentanil intravenous (IV) bolus and 8% sevoflurane in 100% O 2 by asking them to breathe normally with the tidal breathing technique. The gas flow was adjusted to 6 L min −1 . Endotracheal intubation was performed at the third minute, following the administration of 0.15 mg kg −1 cisatracurium IV bolus after the loss of eyelash reflex. The maintenance of anaesthesia was sustained with 2% sevoflurane in 50% O 2 and 50% air mixture and 0.125 mg kg min −1 remifentanil infusion. For the cases in the total intravenous anaesthesia (TIVA) group (Group 2), 2 mg kg −1 propofol and 1 μg kg −1 remifentanil IV bolus were administered for induction. After the loss of eyelash reflex, 0.15 mg kg −1 cisatracurium IV bolus was administered, and endotracheal intubation was performed after waiting for 3 min. The maintenance of anaesthesia was provided with 5 mg kg −1 h −1
propofol and 0.125 μg kg −1 min −1 remifentanil infusion. The patients were ventilated with 50% O 2 and 50% air mixture.
BIS values were ensured to be between 40 and 45 in Group 1 and Group 2, respectively. For the patients in the spinal anaesthesia group (Group 3), a 15 mg dose of 0.5% bupivacaine was administered intrathecally from the L3-L4 interval with an atraumatic spinal needle in the lateral position, and 0.125 μg kg −1 min −1 remifentanil infusion was used for sedation. After waiting for the sensory block to reach up to T6 dermatoma, surgery was allowed and motor block was evaluated with the Bromage Scale. When the spinal block was unsuccessful, the case was excluded from the study.
In all groups, when the mean arterial pressure (MAP) decreased by more than 25% from the baseline value, 4 mL kg −1 0.9% NaCl was primarily administered with a 5-min interval. When blood pressure did not increase despite this, the dose of remifentanil was decreased by 50% first and then, after 5 min, 10 mg ephedrine was IV administered. When the value of heart rate (HR) decreased below 50 beats per minute, 0.01 mg kg −1 atropine was IV administered. Compared to preoperative period, in case of elevated MAP by more than 25% and increased HR over 90 beats per minute for 1 min, the dose of remifentanil was increased by 50%. The administration of anaesthetic agent in Group 1 and Group 2 was discontinued after surgical procedure was completed. To reverse the neuromuscular block in all patients who have undergone general anaesthesia, 0.5 mg atropine and 1.5 mg neostigmine were administered. All patients waited in the recovery room for 1 h and then they were transferred to the clinic. For postoperative analgesia, 1 g paracetamol IV was administered to the patients whose visual analogue scale (VAS) value was over 4 and when it was insufficient, 50 mg tramadole (Contramal® Abdi İbrahim İlaç Sanayi ve Ticaret A.Ş. Zincirlikuyu, İstan-bul, Turkey, Grunenthal GmbH, Germany) IM was administered. Before the initiation of the anaesthesia procedure, the baseline values of MAP, HR and SpO 2 
Statistical analysis
Statistical analyses of the data were performed using the Statistical Package for the Social Sciences (SPSS, IBM, Chicago, Turk J Anaesth Reanim 2015; 43: 91-9 IL, USA) for Windows 11.5 software program. The Shapiro-Wilk test was used for investigating whether continuous variables displayed normal distribution or not. Descriptive statistics were presented as mean ± standard deviation for demographic features and haemodynamic measurements, median (interquartile range) for laboratory findings and the number of cases and percentage (%) for nominal variables. The significance of the difference between the groups with respect to age, height, weight, body mass index and duration of operation was evaluated with one-way analysis of variance. Moreover, the significance of the difference with respect to the duration of anaesthesia, and haemodynamic and laboratory measurements was evaluated using the Kruskal-Wallis test. When the result of the Kruskal-Wallis test statistics was found to be significant, multiple comparison test was employed for identifying the groups causing this significant difference. Nominal variables were analysed using Pearson's chi-square test. With respect to repeating measurements, the significance of the difference within the groups was examined with Friedman's test. In case of the significant result of Friedman's test statistics, Wilcoxon signed-rank test was used to detect the follow-up times leading to a significant difference compared to the baseline values. The extent of the linear relationship between the continuous variables was evaluated by determining Pearson's "r" coefficient and significance level. Instead of original leptin measurements, logarithmic transformation data were used in correlation tests. The value of p<0.05 was accepted to be statistically significant in all evaluations. The Bonferroni correction was used for taking type one error under control in all intergroup and within-group comparisons that were performed for haemodynamic and laboratory findings in correlation tests and follow-up times.
Results
No statistically significant difference was found among the patients in three groups with respect to mean age, female-male distribution, mean body mass index and operation duration (Table 1) . During the monitoring time, there was no statistically significant difference in saturation measurements among the groups (p>0.005 according to the Bonferroni correction). Similarly, among the groups, no significant difference was observed with respect to the need for analgesics (p=0.889). th h were found to be significantly lower in Group 1 than those in Group 3 (p<0.001). Furthermore, the HR levels at these times were lower in Group 2 than those in Group 3, which was statistically significant (p<0.001). (Figure 2 ).
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Biochemical analyses
In intergroup comparisons, no statistically significant difference was detected with respect to the leptin levels at the intraoperative 1 st h and postoperative 3 rd h and control levels (p>0.0125 according to the Bonferroni Correction). However, the difference in leptin levels at the postoperative 24 th h was statistically significant among the groups (p<0.0125). The leptin value of Group 2 at the postoperative 24 th h was lower than both Group 1 and Group 3 (p<0.0125 according to the Bonferroni Correction) (Figure 3 ).
In Group 1, a decrease in leptin level at the postoperative 3 rd h was found to be statistically significant compared to the control value (p<0.003 according to the Bonferroni Correction). Moreover, compared to the control value and the values at the intraoperative 1 st h and postoperative 3 rd h, leptin level at the postoperative 24 th h was significantly higher (p<0.003 according to the Bonferroni Correction) (Figure 3 ). In Group 2, a decrease in leptin level at the intraoperative 1 st h and postoperative 3 rd h was statistically significant compared to the control value (p<0.003 according to the Bonferroni Correction). Furthermore, compared to the intraoperative 1 st h and postoperative 3 rd h, leptin level at the postoperative 24 th h was higher, which was statistically significant (p<0.003 according to the Bonferroni Correction) (Figure 3 ). In Group 3, leptin level measured at the postoperative 24 th h was significantly higher than the control value and the values at the intraoperative 1 st h and postoperative 3 rd h (p<0.003 according to the Bonferroni Correction) (Figure 3 (Figure 4) . In Group 1, cortisol level at the postoperative 3 rd h was significantly higher than the control level and the value at the postoperative 24 th h. In Group 2, cortisol level at the postoperative 3 rd h was significantly higher than that at the intraoperative 1 st h and postoperative 24 th h (p<0.003 according to the Bonferroni Correction). However, in Group 3, no difference was found among cortisol levels (p>0.003 according to the Bonferroni Correction) (Figure 4) . No statistically significant difference was found in insulin levels measured at the postoperative 3 rd and 24 th h and control values among the groups (p>0.0125 according to the Bonferroni Correction). On the other hand, among insulin levels at the intraoperative 1 st h, there was a statistically significant difference in all groups (p<0.001), and the insulin level in Group 1 was observed to be significantly lower than that in Group 2 and Group 3 (p=0.010 and p<0.001) ( Figure 5 ). In Group 1, compared to the control values, the decrease in insulin levels at the intraoperative 1 st h and postoperative 3 rd h was statistically significant. Moreover, increased insulin level at the postoperative 24 th h was found to be statistically sig- 
Discussion
In this study, TIVA with propofol-remifentanil, balanced anaesthesia with sevoflurane-remifentanil and spinal anaesthesia with remifentanil sedation were compared with respect to their effects on surgical stress response. Surgical trauma causes complex stress response defined by neurohumoral, immunological and metabolic changes (8) . In the period after surgical trauma, metabolic response is divided into two phases: the early phase (Ebb phase or hypometabolic) and the hypermetabolic phase (9) . The Ebb phase is an early response that is defined by a general and rapid catabolism and lasts for approximately 24 h. On the other hand, the hypermetabolic phase begins after the posttraumatic first 24 h (10, 11) . It has been demonstrated that, in the ebb phase, an inflammatory response occurs with an increased release of cytokines such as tumour necrosis factor alpha, interleukin-1 and interleukin-6; activation of polymorphonuclear leucocytes and macrophages and excessive synthesis of reactive oxygen radicals (12) . It has been revealed that the blockade of metabolic and hormonal changes induced by surgical stress will decrease postoperative morbidity and mortality (13) .
In clinical studies, it has been specified that the anaesthesia technique will display different effects on HR variability and MAP and also on intraoperative stress response (14-16). In our study, it was detected that the values of HR and MAP were similar in the TIVA and inhalation groups during the operation but they were higher in the spinal anaesthesia group than the other two groups. However, this difference was not statistically significant. In our study, in which remifentanil was used in all three groups as the common agent, it was thought that the haemodynamic variations occurred because of the anaesthesia technique that was used, and their effects on stress response were similar.
In our study, because the baseline value of cortisol was found to be significantly higher in the spinal anaesthesia group than the baseline values of the other two groups, the amount of percentage change in cortisol levels between each measurement was evaluated. Although the percentage change of cortisol level at the intraoperative 1 st h decreased in the TIVA group, it increased in the inhalation and spinal anaesthesia groups. This makes us assume that TIVA suppresses the stress response better in the intraoperative period. Similar results to ours were also obtained in the study conducted by Ledowski et al. (17) . Segawa et al. (18) have reported that the phrenic nerve plays an important role in the conduction of neuronal information, and it does not suppress the surgical stress response. The increased cortisol level of the spinal anaesthesia group in the intraoperative period in our study suggests that the spinal anaesthesia level kept at the T6 level allows the transition of undesired stimuli to the hypothalamus.
We assume that the percentage of increase in cortisol level measured at the postoperative 3 rd h was lower in the spinal anaesthesia group than that in the TIVA group can be associated with the continuance of spinal anaesthesia. In a study conducted with patients having undergone anorectal surgery, Büyükkoçak et al. (19) compared "saddle" block, which was performed without using a sedation agent, with general anaesthesia, in which they used thiopental, fentanyl and vecuronium for induction and O 2 /N 2 O/sevoflurane for maintenance, and they found the cortisol level at the postoperative 3 rd h to be lower in saddle block than in general anaesthesia. On the other hand, in their other study comparing saddle block and general anaesthesia in haemorrhoidectomy surgeries, they reported that although there was a difference in cortisol levels at the postoperative 3 rd h, no difference was observed between inhalation and spinal anaesthesia (20) . Despite the fact that the technique used in our study was different from that in the study of Büyükkoçak et al. (19) , no difference was also found in the inhalation and spinal anaesthesia groups in the intraoperative period in our study. Aono et al. (21) divided patients who would undergo laparoscopic cholecystectomy surgery into three groups, and they administered only general anaesthesia to Group 1, general anaesthesia with fentanyl to Group 2 and general anaesthesia with thoracal epidural anaesthesia to Group 3. They reported that general anaesthesia administered only with sevoflurane did not suppress the hypothalamic-pituitary adrenocortical axis sufficiently. The lower rate of biochemical changes in our inhalation group may have resulted from an inadequate suppression of the axis. Marana et al. (22) reported that TIVA induced a significant decrease in preoperative plasma catecholamines and corticotropin releasing hormone. This inhibitor effect was attributed mainly to the effect of remifentanilin on the central neuroadrenergic system and hypothalamus and partly to the effect of propofol on gamma-amino butyric acid (GABA) receptors (22) (23) (24) (25) . However, we suggested in our study that the role of propofol in intraoperative cortisol decrease was much more in the TIVA group because remifentanil infusion was administered to the three groups (26, 27) . Engin et al. (28) performed a study with patients who were at two different stages of the disease and displayed a significant difference with respect to surgical scores. They found no significant difference in cortisol, hs-CRP and LDH levels between the groups in postoperative period. However, compared to the control values, there was a statistically significant increase in these levels. They also stated that the response to the trauma in the ebb phase was in an expected manner in their patients.
Another biomarker of surgical stress is the level of blood glucose (29) . This is confirmed in different studies that have been conducted. In a study comparing propofol and sevoflurane, it was detected that intraoperative blood glucose concentrations increased significantly in the sevoflurane group (30) . In another study conducted with sevoflurane by Oyama et al. (31), they reported that insulin level decreased but blood glucose level increased with surgical stress. In our study, intraoperative blood glucose levels increased in all groups and this increase was evaluated to be significantly lower in the TIVA group than those in both spinal anaesthesia and inhalation anaesthesia groups. At postoperative 3 rd h, the concentration of blood glucose was higher in the inhalation group than that in the TIVA and spinal anaesthesia groups. Furthermore, in our study, it was detected that insulin level decreased in all groups, but insulin level in the intraoperative period was significantly lower in the inhalation group than that in the TIVA and spinal anaesthesia groups. It was thought that insulin mediated leptin secretion, but in vivo studies have revealed that insulin does not have an acute effect on leptin level. It has been found that leptin level increases in the cases when insulin level is chronically high (32) (33) (34) . Similarly, in our study, no correlation was detected between the change percentages of insulin and leptin levels. Moreover, no correlation was detected between BMI and leptin, leptin and blood glucose and percentage changess of insulin levels in our study. Our results were similar to those of other researchers (35) (36) (37) .
Leptin has a cytokine-like protein structure that is secreted from adipocytes. It acts in the central nervous system and peripheral organs, energy homeostasis and metabolism (38) . There are some studies suggesting that stress affects leptin level and leptin is an acute phase reactant with a biphasic response that presents with a decrease at the beginning and then with an increase at the postoperative 24 th h in acute surgical stress (39, 40) . Stratton et al. (41) thought in their study that the leptin level elevating in circulation within the first 24 h after hip surgeries covered acute phase reaction. In various studies, intraoperative sudden decreases and increases at the postoperative 24 th h in leptin levels were detected. The decrease was attributed to the secretion of catecholamine triggered by the surgery. It was reported that the release of leptin was not affected by the anaesthesia technique (42) . Moreover, in another study, it was found that the highest rate of decrease in leptin level occurred in the 2 nd h after the surgery and leptin level increased after 24 h compared to the control values (35) . In our study, in all groups, there was a decrease in leptin level in the intraoperative period and at the postoperative 3 rd h compared to the baseline value. On the other hand, there was a significant increase at the postoperative 24 th h. However, it was revealed that the increase in leptin level at the postoperative 24 th h was significantly lower in the TIVA group than in the inhalation and spinal anaesthesia groups. It was thought that this result may have been associated with that propofol suppressed surgical stress better because of its antioxidant feature (26, 27) . Indeed, the fact that the percentage change of cortisol level in the intraoperative period was lower in the TIVA group than that in the other two groups supports this opinion.
In our study, all patients whose VAS value was over 4 were IV administered 1 g paracetamol for postoperative analgesia and when it was insufficient, 50 mg tramadole (Contramal®) was i.m. administered. When pain levels were VAS 4 in the spinal anaesthesia group, the protocol was initiated to be administered. The effects of postoperative pain on stress are known (43) . However, no difference was detected among the groups with respect to postoperative pain in our study. Because the need for additional analgesia was found to be similar among the groups, we assume that it did not influence our results.
Conclusion
We assume that, in patients having undergone inguinal hernia surgery, the administration of TIVA suppresses surgical stress better because it reduces cortisol level in the intraoperative period and causes a lower increase in blood glucose level than the inhalation and spinal anaesthesia groups and that it leads to a lower decrease in the insulin level than inhalation anaesthesia. Furthermore, a variation in leptin levels was found to be biphasic in our study. Decreased levels of leptin in the intraoperative period and at the postoperative 3 rd h and increased level of leptin at the postoperative 24 th h were observed. The increase at the postoperative 24 th h is lower in the TIVA group. 
